We discuss the relevance of the associated production of a Higgs boson with a pair of top-antitop quarks at both the LHC and a future high energy e + e − collider.
Overview and motivations
The present and next generation of colliders will help elucidating the nature of the electroweak symmetry breaking and the origin of fermion masses. GeV. Therefore, the possibility of a Higgs discovery in the mass range around 120 − 130 GeV seems around the corner. If this does not happen by the Run II of the Tevatron, and if the Higgs mechanism is the way the electroweak symmetry is broken, almost certainly the LHC will discover it. In this context the production of a Higgs boson (both SM and MSSM) in association with a pair of top-antitop quarks is of extreme interest for two reasons. First, the ttH production mode can be important for discovery of a Higgs boson around 120 − 130 GeV at the LHC 2 , and even at the Run II of the Tevatron with high enough luminosity, as recently suggested 3 . Second, this production mode offers a direct handle on the Yukawa coupling of the top quark, supposedly the most relevant one to understand the nature of fermion masses. The Run II of the Tevatron will not have enough statistics to use this feature, but both the LHC and in particular a future high energy e + e − collider will be able to try a precision measurement of the ttH coupling. In view of the role that this production mode can play in discovering and studying the nature of a Higgs boson, we need to improve its theoretical prediction and start developing more and more realistic simulations. In particular it becomes cru-cial to estimate the feasibility of a precision measurement of the ttH coupling at the LHC and to compare it with the reach of a high energy e + e − collider.
Associated top-Higgs production at a high energy e + e − collider
The process e + e − → ttH has been studied quite extensively in the last couple of years. The cross section turns out to be highly sensitive to the top Yukawa coupling, both in the SM and in the MSSM, over most of the parameter space. It has been calculated both in the SM and in the MSSM at O(α s ) 4, 5 . The main source of theoretical uncertainty remains the scale dependence in α s (µ), which is however below 10%. For a SM Higgs, the factor Although the cross section is very small, the signature for ttH production is spectacular. The possibility of fully reconstructing the two top quarks in the final state allows to better discriminate the signal over the background, and, together with a good b-tagging efficiency, is crucial in increasing the precision with which the top Yukawa couplings (g ttH ) can be measured at a high energy e + e − collider.
A first qualitative analysis 6 for a Standard Model Higgs boson has indicated that it will be very hard to get a precise measurement at √ s = 500 GeV, even at high luminosity, given the very limited statistics. However precisions of the order of 7 − 15% (statistical error only) are reachable at √ s = 1 TeV for M H around 120-130
GeV (and H → bb), assuming a b-tagging efficiency between 0.6 and 1.
It is interesting to observe that the optimal center of mass energy for this process is neither √ s = 500 GeV nor √ s = 1 TeV, but some scale in between. Here the impact of QCD corrections is mild as for the √ s = 1 TeV case. A detailed simulation 7 of e + e − → ttH for a SM Higgs, at √ s = 800 GeV, has found that the top Yukawa coupling can be measured with a precision of 5.5%, when optimal b-tagging efficiency is assumed.
Associated top-Higgs production at the LHC
The cross section for pp → ttH or pp → ttH is currently known only at the tree level 8 , and is therefore affected by a very strong scale dependence, as can be seen in Figure 2 for the case of a SM Higgs. The calculation of the O(α s ) QCD correction is work in progress by several groups. shown that, within the Standard Model, ttH (H → bb) is among the most important channels for discovery of a low mass mass Higgs (M H 100 − 130 GeV). In this channel it is possible to obtain a quite large signal significance and also to measure the top Yukawa coupling. An example of the signal that can be obtained in the invariant bb mass distribution for 100 f b −1 of integrated luminosity is shown in Figure 2 . For the same set of parameters and integrated luminosity, and assuming a separate determination of the bbH Yukawa coupling, the top Yukawa coupling can be determined with a precision of about 16%. Further analyses which include more Higgs decay channels will very likely improve this precision.
